Abstract -SAR imaging is an efficient tool for retrieval of useful information about the surfaces of earth and various other planets as well. The synthetic aperture radar (SAR) generates severely degraded images due to a form of multiplicative noise called speckle. It is produced by the random interference of the electromagnetic waves which are backscattered because of the roughness of imaged surface. Numerous filters were developed which helped in enhancing the image quality to some extent. However, recent filtering techniques which were based on non local image modelling technique, proved to build way better filters which resulted in despeckling the images without tampering with its edges or oversmoothing the images. This paper introduces one such filtering technique which is based on the wavelet transformation followed by anisotropic filtering. The results are found and compared for Peak Signal to Noise Ratio, Coefficient of Correlation and Equivalent No of looks.
I. INTRODUCTION
An innate property of ultrasound images and SAR images is speckle noise. It is considered as a major factor responsible for degrading the quality of image. In order to remove this problem, many filters were developed and these filters mainly work in the following two areas: the SAR images and secondly the Ultrasound images. The major disadvantage of these images is the presence of speckle which alters their image quality and visualization as well.
Overview of the wavelet denoising and anisotropic diffusion filter
The main two techniques used in this hybrid filter are described in detail as follows: Wavelet denoising: Wavelet denoising is a modern approach to denoising which is not based on local statistical data. The wavelet denoising is a frame based approach. After a wavelet transform is applied, thresholding method will be used to remove speckle from the image. An inverse wavelet transform is applied to the image for lengthening the image components after they were reduced during wavelet decomposition.
A speckled image is expressed by:
Where a is the actual image and b is the noise added, having an unknown variance. Wavelet-based denoising consists of following steps:
1. Discrete Wavelet Transform is applied to the noisy image k 2. Thresholding the detail coefficients 3. Finally inverse discrete wavelet transform also called as IDWT is applied on the threshold coefficients to obtain an estimation of the original image k as shown in Fig. 1 . The image k is inserted in the filter in the logarithmic form i.e. k= a+b. Wavelet transform results in changing the value of W to W(k). W(k) undergoes the thresholding process which results in T(W(k)). Finally, the de-speckled image is extracted using the inverse transform W -1 . Anisotropic diffusion filter: It is based on partial differential equation (PDE). It is independent of window size. Mean Square Error approach is the basic technique used here that helps it in providing better potential for filtering and improvement of the edges. Thinning and linking of the edges which was one of the issues in traditional filters, was removed 978-1-4673-7437-8/15/$31.00 ©2015 IEEE using anisotropic diffusion filter as it preserves the edge junctions and does not involve comparison of images at different scales. Anisotropic diffusion filters is better than the isotropic filters in regard of certain applications such as denoising the highly degraded edges or enhancement of coherent images The operation of the hybrid filter is explained in the This filter is a traditional speckle reduction filter in which the pixels are taken for filtering and are replaced with values which are calculated on the basis of local statistics. This filter is more efficient than Lee filter as it converts the multiplicative noise to the additive form which makes removal of speckle easier. Here the estimation of noise variation is not found in the filtering window.
II. LITERATURE SURVEY
Various despeckling models for images using different filtering techniques are discussed below: Adib Akl et al. [ 
III. METHODOLOGY
The hybrid model with improved despeckling can be obtained by following the given steps:
• Load Image: Firstly, the synthetic image is loaded by using imread command in MATLAB using the syntax: I = imread (filename, fmt) (2) • Add the Noise with the variance 0.04. I = imnoise (I,' speckle', v) (3) Where I stand for intensity value of the pixels and v is the variance of the noise.
• Apply log transformation: Speckle noise is multiplicative in nature. Log transformation is applied which will make it additive for removing it easily as explained:
The main advantage of the log transform is that it expands the low value pixels to the high valued pixels. It enhances images and highlights the minor details of an image. Finally, in order to extract the image, exponent is applied so as to reconstruct the original image as shown:
• Apply Wavelet based thresholding: In Wavelet denoising, only detail coefficients are thresholded, but approximation image also contains the speckle noise. So the job is to smooth the approximation image along with the detail coefficients. It provides better resolution than other filtering techniques • Apply Anisotropic filtering: After applying the wavelet transform, the image is made to go through the anisotropic filter. This filter helps remove Anistropic noise which is created while clicking the images at oblique viewing angles. This is done in order to have better results than simple Wavelet denoising techniques.
IV. RESULT
Results include the following table and graphs generated for the image parameters for existing techniques and the hybrid filter. In Table I , results from existing Kuan filter are compared with the hybrid filter which show marked improvement in the metrics of the image with high PSNR and ENL values and low COC values.
In proposed technique the percentage of PSNR value is 31% which is an improvement from the existing technique which is having 23.23% PSNR.
So this proposed technique gives better results than existing technique to reduce the speckle noise which can be shown in Fig. 2 . The resulting PSNR value for the hybrid filter is 31% which is better than that of Kuan filter which is 23.3%. Also, COC value also has a marked improvement from 0.2% for Kuan filter to 0.6%. Similarly, the ENL value also has drastic improvement from 31% for Kuan filter to 58% for the hybrid filter. The use of digital image processing increases the image quality to a great extent. In case of speckle noise, filtering is quite efficient to reduce the speckle noise, in order to improve the image and also provides greater efficiency. From the wavelet based filter a new hybrid technique is introduced to reduce the speckle noise using anisotropic filter. This hybrid filter provides better results than the traditional existing techniques. Due to some limitations of traditional techniques which rely on the statistical data, the edges are lost and these filters are not able to fully remove speckle. As wavelet is frame based approach, it does not depend upon the window size unlike traditional filters and the anisotropic filter is based on partial differential approach which further enhances the image. Therefore the outputs show that the filter provides better results in terms of peak signal to noise ratio (PSNR), Coefficient of correlation (COC) and Equivalent Number of looks (ENL). 
